Extensive studies have been made on the ionic and electronic properties of silver iodide emulsion grains to characterize the latent image formation on the grains in photothermographic materials.
Introduction
Silver iodide was practically used in such photographic materials as Daguerreotype at the very early stage of silver halide photography. Even at room temperature, silver iodide has a strong exciton band in the blue region of its absorption spectrum, which results from the direct transition in it, and is much stronger in absorbance than the absorption bands of silver bromide and silver chloride in the blue region, which result from their indirect transitions. However, silver iodide could not continue to contribute to practical photographic materials for a long time owing to the difficulties in achieving efficient latent image formation, rapid development and fixation on the grains, and is not used at the present in any photographic material at all.
Recently, we have discovered that silver iodide grains have many advantages over silver iodobromide and silver bromide grains for use in photothermographic materials 1, 2 . However, we have not any adequate guiding principle to design silver iodide grains for better use, since our poor knowledge on the solid state physics of silver iodide, especially the ionic and electronic properties of silver iodide grains, are too poor to characterize the latent image formation on the grains.
Various useful experimental methods for studying physical properties of silver halide emulsion grains have been already developed in the past 3 . In this paper, we have tried to apply the above-stated methods to study the ionic and electronic properties of silver iodide grains from the viewpoint of their photographic behavior.
Experimental
A photographic emulsion with silver iodide grains was prepared by a conventional controlled double-jet method, according to which aqueous solutions of silver nitrate and potassium iodide were simultaneously poured into an aqueous gelatin solution, in which pAg was kept to be 7.1 at 70℃ during the precipitation of the grains. The average equivalent circular diameter of the grains was 0.14µm. The grains were tetradecahedrons in shape, and composed of hexagonal and cubic phases of silver iodide. Octahedral silver bromide emulsion grains with equivalent diameter of 0.2µm were also prepared for reference by a controlled double jet method. These emulsions were coated on TAC film bases, dried, stripped, and subjected to various experiments. A film strip was exposed to light through a continuous wedge, and developed by a developer 4 containing pyrogallol as a developing agent at 38℃ for 60min.
The dark conductivity (i.e., ionic conductivity) of silver iodide grains was measured by means of the dielectric loss method 3 . The time-resolved photoconductivity of the grains was measured by means of the 35GHz microwave photoconductivity and radiowave photoconductivity methods 3 . The oxidation potential of latent image centers was determined by use of redox buffer solutions with a Fe 2+ /Fe +3 redox system 5 .
Results and Discussion Figure 1 shows the dielectric loss of silver iodide grains as a function of frequency, giving a curve with two peaks. As the ionic conductivity derived from the lower frequency peak was proportional to the surface/volume ratio of the grains, it was ascribed to the movement of carriers, which were formed from the surface and moved in the grains. Since the ionic conductivity of silver iodide grains was lowered by the adsorption to the grains of such compounds as 1-phenyl-5-mercaptotetrazole, which have strong affinity to silver ion, we therefore attributed the lower frequency peak to the ionic conductivity with interstitial silver ions as carriers, and the higher frequency peak to the one with the movement of silver ions on the surface by analogue with the ionic conductivity of octahedral silver bromide grains 3 . The above-stated results indicate that a positive space charge layer is formed in a silver iodide grain as is formed in a silver bromide one.
Ionic Properties of Silver Iodide Grains
It is already known that the activation energy of the ionic conductivity of silver halide grains is the sum of the energies for the formation and migration of interstitial silver ions. The activation energy of the ionic conductivity of silver iodide grains was determined as 0.45eV, and was the same as that for the migration of interstitial silver ions in silver iodide crystal 6 (see Table1) . Accordingly, the formation energy of interstitial silver ions from kink sites on the surfaces of silver iodide grains is nearly zero. This result means that the energy level of silver ions at surface kink sites on the surfaces of silver iodide grains is nearly equivalent to that of interstitial silver ions. The potential energy difference between the surface and interior of silver iodide due to the space charge layer in it is therefore nearly one half of the formation energy of a Frenkel pair in silver iodide (i.e., about 0.30eV).
It might be interesting to compare in ionic conduction between silver iodide grains and octahedral silver bromide ones. The formation energy of interstitial silver ions from surface kink sites is larger in octahedral silver bromide grains (i.e., 0.31eV) than in silver iodide ones (i.e.,-0eV). On the other hand, the activation energy for the migration of interstitial silver ions in silver bromide grains (i.e., 0.042eV) is smaller than that in silver iodide ones (i.e., 0.45eV). In other words, the concentration of interstitial silver ions in silver iodide grains is higher than that in octahedral silver bromide ones. The potential energy difference within the space charge layer in silver iodide grains (i.e., 0.30eV) is larger than that in octahedral silver bromide ones (i.e., 0.22eV).
Electronic Properties of Silver Iodide Grains
A 35GHz microwave photoconductivity method with a 355 nm laser light pulse with half width of several ns was applied to silver iodide grains at room temperature. Although the absorption coefficient of silver iodide at 355nm is by ca.10 times larger than that of silver bromide, the signal intensity, which is proportional to the concentration of charge carriers, was smaller in silver iodide grains than that in silver bromide ones (see Fig.2 ).
The radiowave photoconductivity of silver iodide grains was ascribed to the movement of positive holes, since it was observed when positive holes were injected into the grains by hole-injecting dyes when they were excited by light pulses with half width of several µs. The signal intensity in silver iodide grains was much larger than that in silver bromide ones (see Fig.3 ). Similar result was also obtained as a result of the absorption of the light pulse by the grains in the absence of hole-injection dye. It is inferred from the above-stated results that the concentration of positive holes traps in silver iodide grains is much smaller than that in silver bromide ones. 
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Final Program and Proceedingsgrains than in silver bromide ones at the very early stage of latent image formation owing to the rapid capture of photoelectrons by interstitial silver ions, and subsequent recombination with positive holes. This consideration is supported by the facts that the concentration of interstitial silver ions was larger in silver iodide grains than in silver bromide ones, and that the concentration of positive holes was larger in silver iodide grains than in silver bromide ones. At the same time, we do not have any evidence to exclude the possibility that the efficiency of the dissociation of an exciton to give a free electron and a positive hole is smaller in silver iodide grains than in silver bromide ones.
Latent Image Formation on Silver Iodide Grains
The silver potential of an aqueous solution is more negative in the vicinity to a silver iodide grain than in the vicinity to a silver bromide grain, since the solubility of silver iodide in water is lower than that of silver bromide. Accordingly, it is considered that the rates of the formation and development of latent image centers composed of silver clusters on silver iodide grains are much smaller than those on silver bromide grains. In addition, the rate of the oxidation of the latent image centers on silver iodide grains should be much larger than that of the centers on silver bromide grains. These ideas were supported by the result that the oxidation potential of latent image centers on silver iodide grains was by ca.200mV more negative than that on silver bromide ones (see Fig.4 ). One of the most distinctive photographic features of silver iodide grains is in that no latent image center is formed in an emulsion layer with such pAg value as 8, which is normal in a silver bromide emulsion, and that the latent image formation is steeply enhanced by decreasing the pAg value of the emulsion 7, 8 . The signal intensity of the 35GHz microwave photoconductivity of silver iodide grains was nearly the same between the emulsions with pAg values of 4 and 7. On the other hand, the signal intensity of the radiowave photoconductivity of silver iodide grains in an emulsion with pAg of 4 was nearly one tenth of that in an emulsion with pAg of 7. The ultraviolet photoelectron spectroscopy has been applied to a silver iodide layer covered with a thin gelatin membrane, and revealed that the height of the top of the valence band decreases, and therefore the rate of the capture of positive holes by the surroundings of the grains (i.e., gelatin and water) should be enhanced with decreasing the pAg value of the gelatin layer.
Conclusion
This study has made clear the following significant features for the physical properties and latent image formation in silver iodide grains as compared with those in silver bromide ones. 1. Although the ionic conductivity is comparable between silver iodide and silver bromide grains, the concentration of interstitial silver ions is higher in the former than in the latter, while their mobility is lower in the former than in the latter. 2. The concentration of photoelectrons as detected by the microwave photoconductivity method with time-resolution of several ns was much lower in silver iodide grains than in silver bromide ones, while the concentration of positive holes as detected by the radiowave photoconductivity method with time resolution of several µs was much higher in the former than in the latter. It is considered that photoelectrons are rapidly captured by many interstitial silver ions, and recombined with positive holes in silver iodide grains. 3. Silver iodide grains are photographically active only under conditions with low pAg, and are suitable for photothermographic materials, in which pAg is low owing to the presence of silver carboxylate as the source of silver ions.
